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Abstract 
 
Establishing an efficient traceability framework for fish products is crucial for consumer 
protection and fisheries management and conservation. This is well reflected in the EU 
legislation. The EU general food law emphasizes strongly that European citizens must 
have access to safe and wholesome food of the highest standard. Consumer protection is 
supported by a stringent traceability concept as stipulated in Regulation (EC) 178/2002. 
This notion is also expressed in the Common Fisheries Policy (CFP) basic regulation (EU) 
1380/2013, according to which fishing and aquaculture must be environmentally, 
economically and socially sustainable while providing a source of healthy food for all EU 
citizens. Under the CFP the need for traceability is not exclusively raised in the context of 
consumer protection, but also as a necessary component for fisheries control and 
enforcement in Regulation (EU) 1224/2009 and in the context of the EU’s ambitious 
strategy to fight Illegal, Unreported and Unregulated (IUU) fishing under the remit of 
Regulation (EC) 1005/2008. 
Recent scientific advances, particularly in the fields of genetics and genomics, have led 
to the development of novel and improved technologies, and efforts are under way to 
harness their potential for the species identification of unknown fish samples or 
products. This report reviews these efforts, describing the technologies and the early 
results obtained for fish product traceability.  Each of these technologies have the 
potential to fill some specific existing gaps, although they come with their own individual 
set of disadvantages. Understanding those and monitoring progress is thus crucial for 
their proper integration in existing traceability frameworks.  
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1 Introduction  
 
The ongoing global population growth, tied to a general increase of income and 
urbanization, has led to a steady increase of fish consumption. According to the 2016 
edition of “The EU Fish Market”, the seafood supply in the EU grew by almost 650.000 
tonnes between 2013 and 2014 (+4,5%), and per capita fish consumption per year 
increased to 25,5 kg, meaning that EU consumers ate, on average, 1 kg of fish more 
than in 2013 (Directorate-General for Maritime Affairs and Fisheries of the European 
Commission, European Market Observatory for Fisheries and Aquaculture Products 
(EUMOFA), 2016). 
In this context, the potential for fraud, in particular the substitution of cheaper fish for 
more expensive species without appropriate labelling, is increased. Numerous studies 
have highlighted the extent of this problem for fish (see, recently, (Kappel and Schröder, 
2016; Khaksar et al., 2015; Vandamme et al., 2016)). Generally it is difficult for the 
consumer to identify fish species and for processed products this also constitutes a 
challenge for control and enforcement authorities; indeed, the meat of many species of 
fish share the same taste or texture and the sale of the fishes as fillets or other 
processed products renders visual identification of the exact species difficult if not 
impossible. 
Establishing an efficient seafood traceability framework is thus crucial for the protection 
of the consumer and the management of sustainable fisheries. Acknowledging the need 
of progress for the development of powerful independent control technologies and 
approaches, a number of international projects were funded under the European Union 
Framework Programme scheme in order to address the development and 
implementation of readily available methods for species identification. A short overview 
of some of these efforts concerned with fish products and seafood are depicted in the 
following table: 
 
Table 1: A list of scientific projects funded under the European Union Framework Programme 
which explored DNA-based technologies for fish species identification, also in processed products. 
Project name FP Duration Description and Outcome 
DNAIS  4 1997-
2000 
This study explored the best identification 
methodology to be applied in different types of fish 
products (smoked, canned, heated, etc.) 
FishTrace 5 2003-
2006 
FishTrace established a genetic catalogue of a 
large, representative number of European marine 
fish species regularly commercialised in the 
European markets. A publicly accessible database 
was established, compiling new standardised data 
(taxonomy, molecular genetics, and reference 
collections) that was complemented with existing 
data from other sources. 
DNACHIP  6  2004-
2006 
This project aimed at implementing DNA chip array 
hybridization for identification of fish species, their 
eggs and larvae. 
FISH AND CHIPS 6 2004-
2007 
The aim of the project was the development of 
DNA microarrays for the identification of marine 
organisms in European Seas as a cost effective, 
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reliable and efficient technology in biodiversity and 
ecosystem science.  
EUROFISHCODE  6  2006-
2007 
EUROFISHCODE was aimed at implementing DNA 
barcoding as an identification tool for fish and 
shellfish species from 'catch to fork', at the 
European level. 
 
LusoAquaBarcode  7 2008-
2011 
LusoAquaBarcode aimed at implementing DNA 
barcoding into aquatic biodiversity research in 
Portugal, and Europe, and priming the 
development of new macrobenthos monitoring 
tools. The project contributed to the creation and 
development of a reference library of DNA 
barcodes for over 300 species of marine 
invertebrates of Portugal, with emphasis on three 
main groups: annelids, crustaceans and molluscs. 
 
Results having emerged from the projects depicted in Table 1, and other studies show 
that DNA-based methods are the most powerful approach to verify and support 
traceability, due to their flexibility, rapidity, and cost-effectiveness. DNA is thermostable 
and generally relatively stable, and genetic markers allow the identification of species, 
also in processed products, at a higher resolution and with higher reliability, than 
proteins. These methods include species-specific real-time polymerase chain reaction 
(RT-PCR), detection of single-nucleotide polymorphisms (SNPs), and DNA barcoding 
(fore recent examples, see (Espiñeira and Vieites, 2016; Ferrito et al., 2016; Galal-
Khallaf et al., 2017; Di Pinto et al., 2016)). 
Protein-based methods also exist, such as protein isoelectric focusing (IEF) of soluble 
muscle proteins, that was used for a time as the standard method for seafood species 
identification (Lundstrom, 1977). This technique remains popular, sometimes coupled 
with Enzyme Linked Immunosorbent Assay (ELISA), another protein-based technique 
(Wang and Hsieh, 2016). 
A full description of these methods, including recommended protocols, have been 
recently published by the JRC (Maretto and Maquet, 2015) as a background document 
for the Coordinated Control Plan Fish Species Substitution held in 20151 
In recent years, a number of technologies have been developed to overcome some of 
the shortcomings inherent to former approaches. In this report, we review a number of 
these technologies, focussing on those that were developed as applications underpinning 
fish species identification. Some, like RT-PCR, are based on the amplification of species-
specific regions in the genome; others are variations of existing barcoding techniques, 
linked to emerging sequencing technologies. Some, not being based on DNA analysis, 
rely on protein, chemical and even visual characteristics of the tested product.  
                                           
1 http://ec.europa.eu/food/safety/official_controls/food_fraud/fish_substitution/tests_en  
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2 Amplification-based approaches 
 
The Polymerase chain reaction (PCR) is a method that allows exponential amplification of 
short DNA sequences (usually 100 to 600 bases). PCR entails the use of a pair of 
primers, each about 20 nucleotides in length, that are complementary to a defined 
sequence on each of the two strands of the DNA. This provides the possibility of species-
specific amplification by selecting primer annealing sequences found only in the genomes 
of the species to be detected.  Most of these assays, developed for the identification of 
major commercial species, have recently been reviewed recently (Maretto and Maquet, 
2015).   
2.1 LAMP 
Loop-mediated isothermal amplification (LAMP) of DNA was first described by Notomi et 
al (Notomi et al., 2000). For this approach, a DNA polymerase with a high strand 
displacement activity and two primer pairs are required. The two primer pairs recognize 
six distinct genomic targets (labelled F1c, F2c, F3c, B2c, B1c, and B3c), which allows a 
high specificity. The primers consist of two outer primers called F3 and B3, and two inner 
primers are called FIP and BIP (forward inner primer and backward inner primer). The F3 
and B3 primers target regions denoted F3c and B3c, respectively. The FIP primers target 
regions denoted F1c and F2c, and the BIP primers target the regions B1c and B2c. The 
inner primers have a dual function targeting the sense and antisense strand of which one 
target is used for extension and one for self-priming. The polymerase initiates the three 
step amplification.  
The first step produces the starting material, the second step is the cycling amplification, 
and the third step elongates and recycles. Both primer pairs are used in the first step, 
but only the two inner primers are required during the second and third step. 
Consequently, the target sequence is tripled every half cycle. The speed of the 
exponential amplification can be increased with the addition of loop primers, which can 
decreases the time of analysis to less than 30 min. Loop primers should target the 
sequences located between the F2c F1c and the B1c B2c regions but are not required for 
the LAMP assay. During the LAMP amplification, magnesium pyrophosphate is formed. 
This generates turbidity that can be detected through visual inspection or through a 
turbidimeter. However, specific dyes can also be used for detection. The LAMP assay has 
already been described in several applications for clinical diagnostics in humans and 
animals. More recently, applications in meat, plant, and fish authentication have been 
published. 
A study on ostrich targeting the mitochondrial cytochrome b gene obtained a LOD of 
0.01% (w/w) in a binary mixture of raw meat (Abdulmawjood et al., 2014). Loop 
primers were successfully used to decrease the time of detection to less than 20 min. A 
study on ovine and bovine targeted the cytochrome oxidase subunit 1 and the 
cytochrome b, respectively (Ma et al., 2016). The limit of detection (LOD) in binary 
mixtures of heat treated meat ranged from 0.01% (w/w) for bovine to 0.001% (w/w) for 
ovine. Loop primers reduced efficiency and were therefore not used. A larger study that 
included seven species, targeted different mitochondrial regions and obtained LODs in 
binary mixtures of heat treated meat in the range between 0.01% horse (w/w) and 
0.0001% lamb (w/w) (Cho et al., 2014). Loop primers were successfully used to 
decrease the time of detection to less than 30 min. In the above studies, the 
mitochondrial regions used for primer design and the resulting LOD's are similar to real 
time PCR methods (Ballin et al., 2009).  
Focke et al. (2013) successfully developed a method that detected several different plant 
species including caraway, cumin, and black and white mustard (Focke et al., 2013). 
Target sequences in the regions coding for the 18S ribosomal RNA were used for LAMP 
primer design and a comparison to real time PCR was performed. Detection limits for all 
species were determined in baked bread to be 0.0016% (w/w), which is comparable to 
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earlier results from real time PCR (Focke et al., 2011). The possibility to use the LAMP 
method for quantification was also demonstrated. Designed loop primers successfully 
decreased the time of analysis, but increased the variation of the LAMP results, and were 
therefore excluded. The total time needed for the analysis depended on the experiment, 
but was in average about 120 min.  
LAMP primers that targeted the mitochondrial cytochrome b gene was used in fish 
speciation to determine Atlantic cod (Gadus morhua) in processed fish products (Saull et 
al., 2016). The detection limit was 0.1% (w/w) G. morhua in a binary mixture of raw 
fish. Loop primers were not designed. A lack of amplification of closely related species 
such as Pacific cod (Gadus macrocephalus) and Alaska Pollock (Gadus chalcogrammus, 
formerly known as Theragra chalcogramma) showed high specificity. The total time of 
analysis was 60 min. 
The LAMP assay is highly specific, cheap, fast, and simple. In addition, kits and portable 
machines are commercially available, which offers the possibility for methods to be 
applied on site, which is a great asset for inspection and control that depends on swift 
response times. These interesting potentials in food authentication together with the 
limited number of available methods prompted the JRC to develop LAMP based protocols 
for fish species identification. So far, JRC has focused on the species Pollock (Pollachius 
virens), G. chalcogrammus, and Atlantic herring (Clupea harengus). Primers for the P. 
virens and G. chalcogrammus species were designed to target the cytochrome b 
sequence. Primers for the C. harengus species targeted a conserved region in the Zic 
family member 5 (zic5) gene. In each case, a primer blast and practical experiments 
demonstrated no cross reactivity. The cross reactivity experiment with C. harengus 
shows the amplification and anneal derivative for six species (Figure 1). Additional close 
related species should be included in cross reactivity studies if a full validation is 
performed. Detection limits were 0.1% for fresh and 10% for cooked G. chalcogrammus, 
0.1% for fresh and 1% for cooked C. harengus in binary mixtures of fish. Detection limit 
was not established for the species of P. virens. Loop primers were successfully designed 
in each assay, which ensured a time of analysis of less than 40 min (manuscript in 
preparation).  
 
Figure 1. A cross reactivity experiment with Clupea harengus primers showing the 
amplification and anneal derivative. 
 
Number codes: 76 Triglia licerna, 80 Microstomus kitt, 93 Raja clavata, 94 Clupea 
harengus, 95 Mullus surmuletus, 98 Xiphias gladius. 
2.2 High resolution melting curves 
High resolution melting analysis (HRM) foresees amplification of the target of interest 
with subsequent melting of the amplicon; it is performed in the presence of a saturation 
dye which allows the discrimination of small sequence variations among target 
sequences. The melting temperature (Tm) of a DNA molecule depends on the length of 
the sequence as well as on the number of its nucleotides guanine and cytosine (GC 
content). The main advantage is that HRM is performed in real-time, in a closed tube, 
thus allowing for fast detection of even single-base variants and small insertions or 
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deletions; the exact difference at sequence level is not determined, but if necessary, the 
amplicon can be subsequently sequenced and the difference identified. 
Thanks to its potential, HRM has been used to characterise pathogens, spoilage 
microorganisms, to discriminate among genetically modified organisms (Druml and 
Cichna-Markl, 2014) and to detect food allergens (Costa et al., 2012). In addition, HRM 
is also applicable in the field of adulteration and authenticity and has gained special 
interest, as the economic impact of adulteration is very high.  
In the case of codfish adulteration, a species frequently substituted, Tomás et al. 
managed to discriminate the economically more valuable Atlantic cod (Gadus morhua) 
related but commercially less valuable species Pacific cod (Gadus macrocephalus) and 
Alaska or walleye pollock (Gadus chalcogrammus), using short amplicon HRM analysis 
(Tomás et al., 2017).  Similar successful approaches have been used not only for fish 
(Dawnay et al., 2016) but also for plant species and their substitution and/or 
adulteration with closely related ones, in some cases also putatively toxic species 
(Ganopoulos et al., 2012; Jaakola et al., 2010; Villa et al., 2016) as well as wine (Pereira 
et al., 2017). In addition, HRM has also been successfully applied to safeguard the 
quality designations of the European Union, e.g., the "protected designation of origin 
(PDO) or the "protected geographical indication" (PGI) (Ganopoulos et al., 2012). 
DNA barcodes, Single Nucleotide Polymorphisms (SNPs) and HRM analysis have been 
coupled to result in a powerful tool to screen and discriminate among closely related 
species. In case reference control samples are used in the run, HRM can provide 
accurate results thanks to its being fast, reliable, cheap, and of high-throughput even 
when degraded DNA is used. In cases of mixtures instead, HRM cannot provide a 
response in terms of identification but can elucidate differences among samples; the 
most accurate response in case of mixtures, or complex samples can probably only be 
given by Next Generation Sequencing (NGS) which seems to be the analytical solution of 
the future applicable also in the field of food fraud. 
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3 Sequencing approaches 
3.1 Metabarcoding  
DNA barcoding involves the amplification of specific DNA regions by the polymerase 
chain reaction (PCR), followed by sequencing of the produced amplicon (Hebert et al., 
2003a, 2003b). The species of the tested sample is identified at the sequencing step by 
comparing the sequence to a database of reference sequences, determined a priori for 
the species of interest. For fish, the FISH-Barcoding of Life (Fish-BOL) campaign (Ward 
et al., 2009) has already compiled the sequence of a specific region of the COI gene for 
more than 100 000 specimens representing more than 10 000 species, and barcoding is 
a popular strategy to detect fraud and mislabelling (Maretto and Maquet, 2015). 
The main caveat of DNA barcoding is the traditional use of Sanger sequencing, which 
does not produce a useful output when the sequencing reaction contains a mixture of 
different DNAs. For this reason, different sequencing strategies are needed to co-identify 
multiple species in a complex sample, with studies going as far as cloning individual PCR 
fragments for separate Sanger sequencing (Galal-Khallaf et al., 2016a; Muñoz-
Colmenero et al., 2017).  
Another possibility is the use of Next Generation Sequencing technologies, that can 
sequence hundreds of thousands DNA strands in parallel. This gives these techniques a 
remarkable sensitivity, allowing an evaluation of the fish biodiversity in different 
environments by collecting, amplifying and sequencing environmental DNA (eDNA) 
(Civade et al., 2016; Evans et al., 2016; Valentini et al., 2016) 
More specifically applied to the control along the fish product supply chain, a variety of 
techniques were recently proposed, using adaptations of the mitochondrial targets used 
for traditional barcoding (Armani et al., 2015; Galal-Khallaf et al., 2016b; Shokralla et 
al., 2015).  An important adaption includes shortening the length of the amplified region 
used as a barcode, in order to accommodate one of the limitations of NGS, which is the 
much shorter sequence length they can read compared to Sanger (Kircher and Kelso, 
2010). This can result in a loss of discriminating power, specially for closely related 
species (Armani et al., 2015); additional barcode candidates, in regions with different 
evolution histories, are needed to broaden the specificity of barcoding strategies (Deagle 
et al., 2014). Using available whole genome sequences, recent work from the JRC 
identified a set of DNA barcodes candidates in the nuclear genome sequences (Paracchini 
et al., submitted). Specific primers pairs were shown to efficiently identify fish species of 
the flatfish family, a choice driven by an analysis on the frequency of documented fraud 
cases, summarized from various publications (eg. according to Marine Stewardship 
Council 20122, 20133 and consumer reports4), along with the availability of validated 
vouchers in the database FishTrace. A recent report by Oceana which also looked at 
seafood fraud in EU Institutions, showed that flatfish mislabelling appears to be 
particularly frequent5. 
                                           
2 https://www.msc.org/documents/chain-of-custody-documents/dna-testing-
methodology-and-results-2012/view 
3 https://www.msc.org/documents/chain-of-custody-documents/dna-test-summary-
report-2013/view 
4 http://www.consumerreports.org/cro/magazine-archive/2011/december/food/fake-
fish/overview/index.htm 
5 
http://eu.oceana.org/sites/default/files/421/oceana_factsheet_seafood_fraud_brussels_
eng.pdf 
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3.2 Nanopore sequencing 
Due to its small size and low equipment cost, the Oxford Nanopore MinION sequencer is 
drawing extensive interest in the genomics community, particularly for pathogen 
surveillance and clinical diagnostic applications, because of the real-time nature of this 
sequencing platform.  
Current use of Nanopore for barcoding/species identification includes: 
 Metagenomics analysis of complex samples including environmental or biological 
samples, e.g. Australia’s pink lake, infection control (or pathogen detection), 
microbiomes and more  
 DNA/RNA analysis in remote locations  
 Species identification and molecular evolution with environmental impact e.g. 
new nitrogen-fixing bacteria ID 
 Species taxonomy and relative abundance studies e.g. WIMP (WIMP -What's in 
my pot- is a quantitative analysis tool for real-time species identification for 
bacteria, fungi, archaea and viruses) or 16S, and COI. 
The use of next-generation sequencing for detecting viruses, bacteria, and parasites in 
clinical samples and in a hospital environment is well described (Greninger et al., 2015; 
Kilianski et al., 2015; Pallen, 2014; Wang et al., 2015). These pathogen sequences 
enable the identification and surveillance of host-pathogen interactions, diagnostic 
targets, response to vaccines, and pathogen evolution (Quick et al., 2016). Nanopore 
MinION is a new tool in this area that provides substantial advantages in read length, 
portability, and time to pathogen identification. Clinical applications to date include 
studies of chikungunya virus (Greninger et al., 2015), hepatitis virus C (Greninger et al., 
2015), Salmonella enterica (Quick et al., 2015), and Salmonella typhimurium (Ashton et 
al., 2015), as well as work on antibiotic resistance genes (Judge et al., 2015). 
The most inspired clinical use of the MinION so far involved teams of African and 
European scientists who analysed Ebola samples on-site in West Africa (Hoenen et al., 
2016; Quick et al., 2016), applying MinION sequencing technology for real-time on-site 
monitoring of an epidemic. 
Similarly, the ZiBRA project was established, aiming at performing real-time genomic 
surveillance of Zika virus in Brazil.  
Despite the large use of Nanopore sequencing technology for identification of bacterial or 
virus species, its applicability to eukaryotic species is not so well explored.  
One of the limitations of the Nanopore technology is that the data produced currently 
have single read accuracy around 92% (Ip et al., 2015), and existing algorithms are not 
equipped to handle long sequence data with error rates above a few percent. Goodwin et 
al reported a method to correct long read sequences produced by Nanopore (Goodwin et 
al., 2015). They demonstrated how single-molecule, long-read data generated by the 
Oxford MinION can be successfully used to compliment short-read data to create highly 
contiguous genome assemblies in case of small eukaryotic genomes (Saccharomyces 
cerevisiae) (Goodwin et al., 2015). 
Improvement in read-length, base-call accuracies, base modification detection and 
throughput for Nanopore sequencers has rapidly evolved and is likely to continue.  
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4 Other approaches 
4.1 Proteomics approaches 
Much like DNA-based methods, protein-based approaches for species identification focus 
on sequence differences, albeit Amino Acid sequence differences between similar 
proteins of different species. Traditional proteomics approaches for visualising such 
differences (and by comparison to a reference, identifying a sample) include 2D gel 
electrophoresis and iso-electric focussing (IEF). More recently, mass spectrometry (MS) 
has gained popularity as small differences in amino acid sequences can lead to large 
differences in peptide masses (Etienne et al., 2000; Mazzeo and Siciliano, 2016). 
Essentially, a mass spectrometer measures the masses of the molecules within a 
sample. The technique relies on magnetic & electric fields which exert forces on charged 
particles (ions) in vacuum in order to determine their mass-charge ratio. Therefore, the 
sample must be ionized prior to be analysed. In addition, the ions must be introduced 
into the system as a gas so that the molecules are individualized allowing the 
determination of their single masses. However, proteins are non-volatile, and thermally 
unstable and require special ‘soft’ ionization methods that do not cause extensive 
degradation. Beside the ionization source, a mass spectrometer also consist of a mass 
analyser, a detector and the data processing electronics.  
The workflow usually consists of breaking down the protein in smaller parts (peptides) 
which yields a spectrum of masses (a peptide mass fingerprint) which is used as input 
for a search in a database that holds the predicted masses for each protein. Complex 
samples can hold an overwhelming number of components that yield spectrums that are 
very difficult to interpret. Therefore, it is usually necessary to enrich, purify, or separate 
the proteins prior to MS analysis (eg. via HPLC or upstream MS). 
Traditional targets for identifying fish include sarcoplasmatic proteins and parvalbumin, 
but advances in proteomics have paved the way for the discovery of many new 
biomarkers that can establish the identity of fish species in food samples (Balog et al., 
2016; Ortea et al., 2012; Rehbein et al., 2000; Tedesco et al., 2014). 
Mass spectrometry is a versatile tool for protein analysis, able to see very small 
differences between proteins and not limited to any specific protein. Unfortunately, a 
mass spectrometer is an expensive, non-portable laboratory equipment that may require 
extended sample preparation, and relies on the availability of reference baseline 
databases for the identification of proteins. 
4.2 Chromatography/Chemical profiling 
Chromatography is an analytical technique commonly used for separating a mixture of 
chemical substances into its individual components, so that the individual components 
can be thoroughly analysed. This analytical approach aims at defining chemical, physical, 
sensory characteristics, adulteration and contamination of a food, in order to ensure its 
quality and safety for the consumers, supporting and implementing the laws and 
regulations of the field (Gallo and Ferranti, 2016). 
There are many types of chromatography: liquid chromatography (LC) was 
revolutionized by the introduction of high performance LC (HPLC) (McDonald and Patrick, 
2008) and more recently by ultra high performance LC (UPLC). HPLC made possible for 
the first time the high resolution separation of complex mixtures of non-volatile analytes 
in much lower times (a few minutes) compared to classical LC analyses. The introduction 
of gas chromatography allowed the separation, identification and determination of 
chemical compounds in complex mixtures and the control of the purity of volatile or 
volatilized compounds. The combination of these methods with powerful identification 
techniques, such as mass spectrometry, infrared and UV spectroscopy and ion 
spectroscopic techniques such as nuclear magnetic resonance, has made possible the 
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identification of most of the constituents of complex mixture and their quantitative 
variations and alterations in a food matrix.  
Chromatography has been used for the identification of fish species (Ashoor and Knox, 
1985; Knuutinen and Harjula, 1998). In a recent publication chromatography is applied 
for the analysis of proximate composition of fish, nutritional quality (minerals, fatty acids 
and free amino acids content) and presence of contaminants, with the aim of identifying 
variations from the natural composition (Manthey-Karl et al., 2016). 
4.3 DNA arrays 
Microarray technology is not very often used for species identification and only few 
examples are reported in literature, like when specimens are in poor condition or 
comprise very limited material. Marine organisms and especially their diverse 
developmental stages are difficult to identify by morphological characters and DNA-
based identification methods offer an analytically powerful addition or even an 
alternative. DNA microarrays have been investigated as potential technology for the 
identification of fish species, including the applicability of the three mitochondrial genes 
16S rRNA (16S), cytochrome b (cyt b), and cytochrome oxidase subunit I (COI) for the 
identification of fish species by combining techniques of "DNA barcoding" and 
microarrays (Kochzius et al., 2008). It has been demonstrated that the mainly 16S rDNA 
gene is suitable for designing oligonucleotide probes (Kochzius et al., 2010). 
A very recent application is the development of DNA macroarray, a less expensive 
modification of the microarray. The technology is similar, but the spots are larger (about 
1 mm as compared to 250μ). Macroarrays can be visually interpreted without a 
microscope, and that radioisotopes as well as fluorescent labels can be used. They are 
considered a valid alternative to 2-dimensional electrophoresis, isoelectric focussing, 
protein capillary electrophoresis, HPLC or ELISA. In fact, these protein-based analytical 
tools used in the field of species identification in food are susceptible to protein 
denaturation due to physical or chemical industrial treatments. Moreover, compared to 
other non-protein biomarker-based methods like peptide biomarker mass spectrometry 
and lipid-based biomarkers, low cost–low density (LCD) macroarrays shows higher 
sensitivity and are not affected by cooking steps (Cottenet et al., 2016). 
In the field of food safety LCD macroarrays were a first approach with rapid and 
successful implementation at the operational level in Quality Assurance laboratories. The 
elevated risk of cross-contamination of materials, mainly on shared lines and/or 
equipment, may require the development and implementation of effective protocols that 
define cleaning and verification procedures to avoid contamination. In the case of DNA-
based methods, one can in many cases identify well below 1% of "foreign" DNA, but a 
constraint may be that some multi-methods simply allow the identification of foreign 
DNA irrespective of the amount. This may be useful for cases where zero tolerance is 
expected. However, for substitution of fish species, the aim is to go one step further 
toward untargeted approaches such as those using Next Generation Sequencing, 
described in section 3.  
4.4 Automated visual identification with deep learning 
Recent studies have shown the potential of Machine Learning algorithms to scan and 
learn from image and video collections in order to automatically identify the species 
when presented with the images of unknown specimens.  These take advantage of 
ongoing efforts in the development of cross-language information retrieval tools, 
including imageCLEF and LifeCLEF (Clough et al., 2004; Joly et al., 2016). 
Most of these methods are not intrusive, requiring only the availability of media and 
internet connection to analyse images of whole, eventually live fishes. These include the 
work of Salman et al., showing the recognition of fish species from underwater video 
sequences, even in very bad light and water conditions (Salman et al., 2016). The 
accuracy of this method was shown to be between 90% and 95%. The researchers 
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proposed further improvements and the possibility to improve the performance with 
colour information and more sophisticated algorithms and, for example, better and 
accurate loss functions.  In the same vein, a recent study presented a technique for 
image recognition of underwater images, based on Faster R-CNN (Region-based 
Convolutional Neural Network) running on a state of the art Hardware GPU NVIDIA Tesla 
K20 (Li et al., 2016). The results were impressive on speed and accuracy. 
Other applications include the possibility to identify fish out of the sea, such as in fish 
markets or inside fishing vessels. A recent study describes an app that could be installed 
on smartphones in order to take pictures of the fish and send them to a cloud server for 
processing and recognition (Rossi et al., 2016). The answer would then arrive directly to 
the smart device.  Further improvements involve the possibility of recognising the image 
using a local database, without the need to send a request to the cloud servers. 
Other approaches are more intrusive, classifying for example the fish species based on 
the morphological characteristics of the otolith outline contour which are part of the 
inner ear of fishes (Salimi et al., 2016). The method for the classification uses deep 
learning techniques where the algorithm learns the unique shape of different species 
and, based on the training and testing image sets, achieves the identification of different 
species and fishes. The accuracy of this fully automated method is between 92% and 
96%, which is expected to increase with bigger training sets.  
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5 Conclusion 
This report summarised different novel technologies, for which various groups have 
recently published their efforts in harnessing their possibilities in a framework of fish 
species identification.  . Each of these have their individual sets of advantages and 
disadvantages.  Some, like automated visual identification, require only a cell phone able 
to take pictures and connect to the internet; however, they are unable to accommodate 
any type of processing that would disrupt the appearance of the whole specimen.  On 
the other side of the spectrum, genomics and proteomics techniques are extremely 
informative and resilient to most processing; however, they require extensive (and 
expensive) laboratory equipment, as well as a proper bioinformatics infrastructure to 
handle and process the data.  Techniques like LAMP can be performed cheap, fast, and 
on-site; however, they require a priori expectations of the species present in the sample 
to be tested, and need different assays to be developed and validated for each species of 
interest. 
The European Union recently amended its Common Organisation of the Markets (COM) 
in fishery and aquaculture products (FAPs) (EU, 2013). Although the amendment 
resulted in major improvements through the introduction of new requirements for the 
labelling of fisheries and aquaculture products, some of the provisions are still seem to 
be burdened with shortcomings. D’Amico et al. (2016) highlighted the exclusion of 
processed FAPs from the scope of article 35, that provides specific rules for consumer 
mandatory information for prepacked and non-prepacked FAPs. FAPs are the most 
traded commodity worldwide and the complexity of their trade flows renders them 
particularly prone to fraudulent replacements. Incidentally, some FAPs also belong to the 
most challenging products with respect to species identification. These observations 
along with the needs emerging from EU food law and the Common Fisheries Policy, 
which are outlined in the introduction of this report, show that new, powerful, cost-
efficient species identification approaches are needed, ideally with short response-times 
and the possibility to perform on-the-spot analysis. This is why efforts are necessary to 
properly foster the uptake and integration of the methods discussed in this report in 
existing traceability and food control schemes.   
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